A cute rupture of the Achilles tendon can be easily diagnosed clinically by a physical examination, but incorrect early diagnosi s can occur in 10% to 25% of acute rupture patients. 1, 2 If the diagnosis of acute rupture is missed, a conservative treatment fails, or the rupture turns into a chronic injury from severe degeneration, discomfort is caused by reduced plantarfl exion, 3, 4 which can only be reversed by surgical treatment. 5, 6 Chronic Achilles tendon ruptures are defi ned as those with a time period Ͼ4 to 6 weeks between injury and surgical management. 7 Patients with neglected Achilles tendon ruptures may recall a specifi c injury without prodromal symptoms such as pain or swelling, thus delaying diagnosis.
Various surgical reconstruction methods have been introduced depending on the defect gap and the state of the remaining tendon, but a more diffi cult surgery and a longer recovery time than those for an acute ruptures are the challenges to the surgeon and patient, respectively.
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This article describes the outcomes of surgery performed on patients with chronic Achilles tendon ruptures by applying various reconstruction methods depending on the length of defect after thorough debridement of the degenerative tissue at the time of index surgery. This included Achilles tendon allografts that were performed in 2 patients where reconstruction with the patient's own tissue was not feasible due to an extensive defect gap.
MATERIALS AND METHODS
This retrospective study was conducted with 14 consecutive patients with chronic Achilles tendon rupture who underwent surgery at our institution by single surgeon (K.S.S.) between October 2003 and March 2010. Twelve of 14 patients were followedup for Ͼ12 months. All patients were diagnosed by physical examination and either ultrasonic imaging or magnetic resonance imaging (MRI). For all patients, at least 4 weeks had passed since the primary injury (4 weeks to 12 months), and all patients reported limping during walking because of an absence of or decreased pushoff in their step. Neglected rupture refers to patients where no symptoms existed before injury, whereas chronic rupture refers to patients in which chronic pain at the Achilles tendon existed although the injury mechanism or external force was not distinctive.
The study group comprised 11 men and 1 woman ranging in age from 31 to 74 years ( Table 1 ). The position of the rupture was 1 to 6 cm superior to the tendon insertion, and the ruptured gap was between 4 and 16 cm. The length of the defect gap was measured with the ankle plantarfl exed up to 30°, following debridement of the scar and degenerative tissue between the ruptured tendons intraoperatively.
SURGICAL TECHNIQUE
After placing the patients in a prone position, the surgery was initiated by a midline incision. The ruptured part was reached without dissection of the subcutaneous tissue. After identifying the ruptured site, the scar tissue formed in between the ruptured tendons and the remaining degenerative tendon tissue was debrided. Then, the ruptured defect gap was measured with the ankle plantarfl exed up to 30°, and various surgical reconstruction methods were performed depending on the gap and the state of the proximal muscle and fascia.
The reconstruction methods were V-Y advancement in 1 patient, V-Y advancement with fl exor hallucis longus tendon transfer in 1 patient, gastrocnemius fascial turn-down fl ap in 3 patients, gastrocnemius fascial turn-down fl ap simultaneously performed with fl exor hallucis longus tendon transfer for 3 patients (Figure 1) , and V-Y advancement simultaneously performed with fl exor hallucis longus tendon transfer and Achilles tendon allograft in 2 patients ( Table 1 ). In cases of tendon defect gaps of 2 to 5 cm, V-Y advancement was performed, whereas for those with gaps of 5 to 10 cm, gastrocnemius fascial turn-down fl aps were used. If the state of the remaining tendon was poor, concomitant fl exor hallucis longus tendon transfer was performed. Achilles tendon allograft was performed in the 2 patients where reconstruction with the patient's own tissue was not possible because the defect gap was too large (у12 cm). In these patients, fresh frozen Achilles tendon allografts were used ( Figure 2 ). If suffi cient tendon was attached to the calcaneus, the calcaneal bone block of the graft was not used. In cases of insuffi cient tendinous stump, the calcaneal bone block was used to reconstruct Achilles tendon and fi xed with screws.
Flexor hallucis longus tendon transfer was additionally performed in all patients who underwent tendon allograft. A singleincision technique was used for fl exor hallucis longus tendon transfer in all patients, except for 1 in which an additional incision was performed to harvest enough fl exor hallucis longus tendon to make a tendon weaving suture through the distal stump of the remaining Achilles tendon. With the single-incision technique, suture anchors were used to augment the repair site at the distal stump. The proper tension of surgical reconstruction was verifi ed by the degrees of ankle plantarfl exion with the knee fl exed up to 90° guided by the contralateral side, as well as the presence of springiness, which was determined by spring-back of the ankle joint to the resting plantarfl exion position after a forceful dorsifl exion of the ankle joint up to neutral position ( Figure 3 ).
Postoperatively, a short-leg splint was applied to the ankle joint with the plantarfl exion at 20°. The cast was generally applied for 4 weeks, but it was used for up to 6 weeks in patients where the state of the remaining tendons was poor. Then, patients were placed in a walking boot (Flatform boot; Medical Technology, Grand Prairie, Texas) with 2 hindfoot wedges for 2 months and were instructed to remove 1 wedge every 2 weeks. Patients were allowed to bear weight as tolerated with crutches. Active joint exercises were started from the time of wearing the boot, and other muscle-strengthening exercises, such as cycling, passive joint exercise, stretching and heel rises, were gradually performed as comfort allowed. Athletic activities such as sudden acceleration, cutting, and jumping were restricted for the fi rst 6 months postoperatively.
Patient evaluation was performed with the pre-and postoperative American Orthopaedic Foot and Ankle Society (AOFAS) ankle-hindfoot scores and visual analog scale (VAS) scores for pain and postoperative Achilles tendon Total Rupture Score (ATRS). The ATRS was used to evaluate postoperative symptoms and outcomes after treatment of chronic Achilles tendon rupture.
9 Clinical evaluations included assessment of the ability to perform 10 repetitive single affected-side heel rises and single affected-side leg hopping, the ankle ROM and surgery-related complications. 
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A questionnaire was performed investigating subjective satisfaction and asking whether patients would undergo the same surgery if found in the same situation. The degree of the subjective satisfaction was defi ned as follows: excellent, if the patient was satisfi ed with the surgical outcome without any limiting conditions including minor issues; good, if the patient was satisfi ed with the surgical outcome without great discomfort except for minor issues that did not affect activities of daily living; fair, if the patient was satisfi ed with the outcome but there was some discomfort in daily living; and poor, if there was discomfort in daily living or severe complications that remained unsolved. Pre-and postoperative AOFAS ankle-hindfoot scores and VAS scores were compared with the Student's t test, and signifi cance was set at PϽ.001.
RESULTS
Average follow-up was 36.2 months (range, 13-94 months), and no major complications occurred. Mean AOFAS ankle-hindfoot scores improved from 68.7 (range, 50-87) preoperatively to 98.0 (range, 88-100) at last follow-up ( No patient was able to perform a single affected-side heel rise preoperatively, but all patients were able to perform 10 repetitive single-leg heel rises 1 year postoperatively. Single affected-side leg hopping was also possible in all patients. Postoperative ankle ROM was equal to that of the opposite side in 9 patients, whereas in 3 patients, ankle dorsifl exion was smaller by Ͻ10° when compared with the opposite side. The plantarfl exion power of the big toe was reduced to level 4 in 2 of 6 patients where fl exor hallucis longus tendon transfer was performed; single incisions were performed in these patients. Subjective satisfaction was excellent in 7 patients, good in 4 patients, and fair in 1 patient. All patients stated that they would undergo the same treatment if they were in the same situation.
DISCUSSION
Patients in this study had a neglected rupture that was not initially properly diagnosed with an acute Achilles tendon rupture (nϭ5) or a chronic rupture by degeneration (nϭ7). Patients with neglected or chronic ruptures can be considered different groups because the tissue pathology before the rupture is different; however, because the scar tissue formed in between the ruptured tendons is similar, we considered them to be the same. Amyotrophy and contraction take place in the tendon, and in 10 days after acute rupture, 7 the muscle shows similar pathological fi ndings in both groups. Intraoperative macroscopic fi ndings showed that degeneration and scar tissue at the distal and proximal regions of the ruptured tendons were similar, although the rupture gap and the denatured range were different. Thus, the study was conducted by combining the neglected rupture and chronic rupture groups into one. In addition, because the rupture defect gap, which was an important guideline in selecting surgical reconstruction methods, was measured after debridement of the scar and degenerative tissue, there was no reason to consider these 2 groups as different.
However, analysis of the 2 groups showed a signifi cant difference in age and rupture gap size. Mean age of patients with neglected ruptures was 45.0 years, whereas mean age of patients with chronic ruptures was 59.2 years. The rupture gap was larger in the chronic rupture group due to a more severe degeneration: mean rupture gap was 6.8 cm in the neglected rupture group and 9.2 cm in the chronic rupture group. The reconstruction can be more diffi cult and a poorer result can be expected in the chronic rupture group based on these differences, but a signifi cant difference was not seen because the number of patients in the study was small.
Many studies have reported reconstruction during neglected chronic rupture depending on the rupture gap between the remaining tendons after elimination of the scar tissue formed in between the ruptured tendons, 4, 8, [10] [11] [12] [13] [14] but some studies reported successful ruptured gap reconstruction that was performed without removing the scar tissues. 3, 15 Thus, additional studies examining the necessity and range of the debride- ment of scar tissue formed in the chronic rupture gap and the surrounding degenerative tissue may be warranted. The fl exor hallucis longus tendon is frequently used to augment the ruptured gap for reconstruction of neglected chronic ruptures. The fl exor hallucis longus is the plantar fl exor and is stronger than the peroneus brevis and fl exor digitorum longus.
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Its axis of contractile force more closely resembles that of the Achilles tendon, and it works in phase with the gastrocnemiussoleus complex. Because it also has the advantage of being transferred without neurovascular interference due to proximity with the Achilles tendon, 17 the transfer can be implemented to fortify muscle strength with other reconstruction techniques. Moreover, the fl exor hallucis longus muscle belly extends into the distal Achilles tendon reconstruction region, which is an avascular zone, and it allows recruitment of increased blood supply to the repaired tendon.
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In an MRI-based postoperative study, Hahn et al 18 reported complete integration of the fl exor hallucis longus tendon in 60% of patients, showing no degeneration of the fl exor hallucis longus muscle belly, but rather a thickening in 85% of patients, thus proving the theoretical advantages of fl exor hallucis longus tendon transfer. In the current study, fl exor hallucis longus tendon transfer was performed in 6 patients as the auxiliary technique, and a single incision was applied to all but the fi rst patient. Although the length of the tendon taken is shorter in the single-incision than the double-incision technique, the relatively short tendon length may be suffi cient for fi xation if suture anchor screws or interference screws are used.
Reduced fl exor hallucis longus tendon strength is a known complication of tendon transfer. In our study, reduced strength of the fl exor hallucis longus tendon was found in 2 of 7 patients in which the transfer was performed, and a single incision was performed in these 2 patients. Although it was expected that the strength of the fl exor hallucis longus tendon could be better conserved with the single incision than double incision because the position crossed with fl exor digitorum longus is retained, fl exor hallucis muscle strength reduction was similar to the results of Elias et al. 10 In their study, fl exor hallucis longus tendon transfer by a single incision was performed, and they noted that 11 of 15 patients were not able to perform active fl exion of the hallux interphalangeal joint.
10 However, Wegrzyn et al 8 performed fl exor hallucis longus tendon transfer using a double-incision technique and reported that the active fl exion of the hallux interphalangeal joint was lost in all patients, but this did not affect exercise or activities of daily living.
In our series, gastrocnemius fascial turn-down fl ap was performed in 3 patients with a similar rupture gap (7 cm for all), but tendon transfer was not performed because intraoperative fi ndings showed that the state of the remaining tendon and the fascia was good. 19, 20 Moreover, because good results were seen in these patients, further study may need to be conducted determining the necessity of fl exor hallucis longus tendon transfer in neglected chronic rupture. Currently, we are performing fl exor hallucis longus tendon transfer depending on the state of the remaining tendon, fascia, and muscle after debridement, then providing information to the patients who will undergo Achilles tendon reconstruction about the possibility of augmentation with fl exor hallucis longus tendon transfer and the resulting weakening of the strength of the fl exor hallucis longus tendon. Their durability against fatigue failure has also not been proven.
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Although only a few reports exist on reconstruction using Achilles tendon allograft, all of them demonstrate good results. The introduction of an Achilles tendon allograft is based on the success of anterior cruciate ligament reconstruction of the knee. The advantages of Achilles tendon allograft are that fi xation and suture can be done by various methods because the tendon length is suffi ciently long and an ideal outcome can be anticipated after fi nal healing because the shape and thickness are the same with those of the original tissue. However, concern exists about rejection of the allograft, spread of infectious diseases, and deep infection. Furthermore, the period for thick and long allografts to be replaced by self-tissue can be long, and a tendon rupture can occur if the allograft is not properly replaced by self-tissue. 31 We performed Achilles tendon allograft with fresh frozen tendons, as well as fl exor hallucis longus tendon transfer for 2 patients for whom the reconstruction was impossible with the remaining gastrocnemius fascia. All patients underwent the same postoperative rehabilitation process and showed benefi ts in muscle strength evaluation, AOFAS ankle-hindfoot scores, and subjective satisfaction at last followup. Recovery occurred using rehabilitation treatments similar to other construction methods because healing of the transferred allograft was enhanced due to parallel transfer with the fl exor hallucis longus tendon.
CONCLUSION
Good outcomes were observed in surgeries performed for neglected chronic ruptures of Achilles tendons using various reconstruction methods depending on the rupture gap and the state of the remaining tissue. The use of Achilles tendon allografts for primary reconstruction of neglected chronic Achilles tendon ruptures can be a good surgical reconstruction method when reconstruction with one's own tissue is impossible because the rupture gap is too large. Therefore, surgical treatment is recommended for patients with neglected chronic Achilles tendon ruptures who have discomfort in activities of daily living.
